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(54) METHOD OF DEVELOPING WATER-FLOODED OIL RESERVOIR 

The invention is related to the oil industry, in particular, to the methods of developing a bedded 
oil reservoir and may be used for maintaining reservoir pressure by injecting associated water to 
reduce energy costs. It reduces material expenses of oil production by combining functions of a 
production and injection well and returning a part of the produced water back to the producing 
formation to support the reservoir pressure without upwelling. 

Essence of the Invention: According to the method, vertical wells are drilled and horizontal 
wellbores are sidetracked from them. A deep-well pump is lowered into the vertical wellbore. 
The oil is extracted from the well to the surface. Initially, a vertical well is drilled. A producing 
formation is tapped by perforation. The oil is extracted from the producing formation until it is 
depleted. Only then a horizontal wellbore is sidetracked. The kick-off point of the horizontal 
wellbore is located lower than a dynamic fluid level. The same producing formation is perforated 
in an auxiliary wellbore. Then, a double-displacement pump is lowered into the vertical 
wellbore. The pump suction is positioned above the kick-off point. The pump is provided with a 
liner-packer combination. It is positioned in the interval from the kick-off point to the top of the 
producing formation in a vertical wellbore. The well is operated in such a way that the oil- 
associated water pumped from the auxiliary horizontal wellbore is injected into the same 
formation through the vertical wellbore without upwelling. 1 il. 

DESCRIPTION OF THE INVENTION 

The invention proposal is related to the oil industry, in particular, to the methods of developing a 
bedded oil reservoir and may be used for maintaining reservoir pressure by injecting associated 
water to reduce energy costs. 

The method is known that provides development of a multilayer oil (gas) field [see Pat. RU N 
2038464, CI. E 21B 43/10, 43/12, Bulletin of Inventions N 18, 1995] comprising the following 
steps: making reservoir caverns in a rock around production wells above producing formations or 
in the upper near-roof part of an overlying producing formation, equipping wells with tubing 



strings, feeding the extracted product to the middle part of caverns, separating water from 
hydrocarbons and withdrawal of hydrocarbons from the upper part of the cavern, with the 
caverns being made in wells of two or more oil-producing formations. In this case, at least in one 
of the wells the water separated in the cavern from the product of an overlying producing 
formation is fed to an underlying producing formation and simultaneously at least in one of the 
wells the water separated in the cavern from the product of an underlying producing formation is 
fed to an overlying producing formation without upwelling. 

Disadvantage of the method is that, firstly, it requires two formations, stratum waters of which 
are compatible, i.e. when mixed, no solid deposits are produced, secondly, essence of this 
method implies the flow production, thirdly, when the flow production is used, it is difficult to 
select formations in which the required balance of reservoir pressures would be maintained to 
implement the method. 

The method of developing a massive oil field [see Pat. RU N 2095551, CI. E 21 B 43/20, 
Bulletin of Inventions N 31, 1997] is also known. The method provides combining vertical and 
horizontal wellbores in one well to tap one and the same production formation. An artificial -lift 
method is used for operation of this well by cyclically injecting into and extracting from different 
wellbores of the well. For this purpose, the well is reequipped each time for injecting into or 
extracting from parallel wellbores resulting in extra material expenses. 

Another disadvantage is that the associated water in the extraction cycle lifts to the surface to be 
injected again into the same well and the same formation during the injection cycle. This leads to 
substantial unproductive expenses for upwelling the associated water. 

The method being most similar to the claimed method in terms of technical essence and results 
obtained is the method of producing oil from horizontal wells [see Pat. RU N 2034132, CI. E 21 
B 43/30, Bulletin of Inventions N 12, 1997] comprising drilling a horizontal well and a vertical 
wellbore from it located below a kick-off point of the main wellbore of a horizontal well, 
lowering a deep-well pump into the vertical wellbore and extracting oil from the well to the 
surface. 

Disadvantage of the known method is that the vertical wellbore performs only technological 
functions, i.e. it is used for mounting the deep-well pump and is not in direct hydraulic 
communication with a production formation. In addition, operation of water-flooded reservoirs is 
low-efficient since the pump lifts the associated water to the surface that requires high-energy 
input and also material expenses associated with the use of additional equipment - a cooling 
liquid tube. 

The engineering problem to be solved is to provide such a method of developing an oil reservoir 
that would combine the functions of a production and injection well with minimal energy and 
material input 

The object of the proposed invention is to reduce oil extraction material expenses by combining 
functions of production and injection wells and returning part of the produced water back to the 
producing formation to maintain the reservoir pressure without upwelling. 

The object set is achieved by using the described method of developing a water-flooded oil 
reservoir comprising drilling a vertical well and sidetracking horizontal wellbore from it, 
lowering a deep-well pump into the vertical well and extracting oil from the well to the surface. 



Novelty of the invention is that initially a vertical well is drilled, a producing formation is tapped 
by perforation, the oil is extracted from the producing formation until it is depleted, then a 
horizontal wellbore is sidetracked, with a kick-off point of the horizontal wellbore being located 
lower than a dynamic fluid level, the same producing formation is perforated in an auxiliary 
wellbore, then a double-displacement pump is lowered into the vertical wellbore so that the oil 
pump suction is positioned above the kick-off point of the auxiliary wellbore and water pump 
suction - below this point, the pump is provided with a liner-packer combination positioned in 
the interval from the kick-off point to the top of the producing formation in a vertical wellbore 
and the well is operated in such a way that the oil-associated water pumped from the auxiliary 
horizontal wellbore is injected into the same formation through the vertical wellbore to maintain 
reservoir pressure without upwelling. 

The claimed combination of distinctive features is not known from available sources of patent 
and scientific and technical literature. Therefore, the method claimed meets the "patentable 
novelty" criterion. 

The drawing illustrates the diagram of placing a deep-well pumping equipment in a vertical well 
with a sidetracked horizontal wellbore. 

The method is implemented in the following sequence: 

A vertical producing well 1 is drilled on a reservoir. A producing formation 3 is tapped by 
perforation 2. A deep-well pumping equipment (single-action pump) is mounted and the well is 
operated until the producing formation is depleted. Then the deep-well pumping equipment is 
lifted from the well and a horizontal wellbore 4 is sidetracked in this well in the direction of an 
unexhausted zone of the formation. A kick-off point of the horizontal wellbore 5 is located 
below a dynamic fluid level 6 in the well so that fluid from the auxiliary horizontal wellbore can 
flow to the vertical well. Then, the same producing formation 2 is perforated 7 in the auxiliary 
horizontal wellbore. 

A double-displacement pump 8 is lowered into the vertical wellbore so that the an oil pump 
suction 9 is positioned above the kick-off point of the auxiliary wellbore 5 and a water pump 
suction 10 - below this point. The pump is provided with a liner 1 1 to pump via it the associated 
water to an injection zone. A packer 12 is mounted on the liner. The wellbore of the vertical 
level forms a gravity separator from a dynamic level 6 to the packer 12 in which water and oil 
are separated based on the specific weights. The water-oil interface in the well establishes at the 
kick-off point level since the oil flowing from the auxiliary wellbore to the well floats up on top 
of water, with only water being below the kick-off point. 

The double-displacement pump 8 owing to its positioning relative to the kick-off point 5 draws 
water from a lower part of the gravity separator through the pump suction 10 and injects it via 
the liner 1 1 to an exhausted area of the producing formation 2 partially compensating reduction 
in reservoir pressure caused by fluid withdrawal from the same formation via an auxiliary 
horizontal wellbore 4. The double-displacement pump simultaneously draws an oil-water 
mixture from the upper part of the gravity separator through the pump suction 9 and pumps it up 
to the surface. 

The wellbore of the vertical well 1 below the kick-off point 5 functions as an injection well, 
while above the kick-off point 5 - as a producing well. In this case, the quantity of lifted 
associated water reduces because it is returned to the producing formation 3 via the liner 1 1 and 
perforation 2. 
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Operating wells according to the proposed method makes it possible to: 

1 . Combine functions of a production and injection well in one well. 

2. Prevent the reservoir pressure from decreasing and save water for the reservoir 
pressure maintenance system by returning the associated water. 

3. Reduce power costs for water upwelling, treatment and injection. 

4. Reduce water cutting of well production, thereby reducing costs for oil pumping 
and dehydration. 

5. Reduce oil loss and improve conservation of mineral resources compared to the 
method of discharging the associated water to another formation. 

Embodiment of the Invention 

A water cut rate of a vertical well used to exploit Devonian formation at a depth of 1,700 m 
reached 75%. A single-action pump with a plunger diameter of 44.5 mm operated in the well. 
The dynamic level was at a depth of 700 m. A decision was taken to convert it to operation 
according to the method provided. 

After removal of the operation equipment from the well, a horizontal wellbore 4 was sidetracked, 
with the kick-off point 5 being at a depth of 1,000 m, and the same producing formation 3 was 
tapped with perforation 7. The single-action pump was replaced by a double-displacement pump. 
A decision was made to maintain the fluid production capacity of the well at the same level and 
with the same pumpdown performance. 

For this purpose, an approximate relationship should be satisfied: 

Dn^D^ + D. 2 (1) 

where 

- diameter of single-action pump plunger, mm; 
D„ - diameter of oil double-displacement pump plunger, mm; 
D B - same for water, mm. 

To prevent oil from being drawn by the water pump plunger and injected back to the formation, 
the following condition should be satisfied: 

Dnj;>iJi (2) 

IV B 

where 

B - water cuttings of well production, %. 

We find D„ = 27 mm, D B = 38 mm by selecting from standard plunger sizes. Both conditions are 
satisfied. The selected double-action pump provides somewhat higher capacity (by 9.7%) with 



the same pumpdown performance. The oil will be pumped up to the surface partially with water 
under such plunger diameter ratio. 

Then, the water cuttings of well production is assessed using such lift method. The quantity of 
fluid being lifted to the surface is proportional to D„ 2 . Then, the quantity of oil contained in the 
well production with the given water cut and double-displacement pump capacity is proportional 

to: 

(D„ 2 + D B 2 )(1-B) (3) 

whence it follows that the resulting water cuttings of well production is: 

B P e,= l-[l+l»*] 2 ] (1-B) (4) 
D„ 

Substitution of values in the formula (4) produces the value 25.5%. 

Therefore, lift operation of the given well according to the method provided reduces the water 
cut rate from 75% to 25.5%, with the associated water being returned to the same formation. 

Technical and economic efficiency of the provided method for developing the water-flooded oil 
reservoir is the result of combining functions of production and injection wells in one well, 
returning a part of the produced water back to the producing formation and reducing oil 
extraction material expenses. 

CLAIMS 

The method of developing a water-flooded oil reservoir comprising drilling vertical wells and 
sidetracking horizontal wellbore from it, lowering a deep-well pump into the vertical well and 
extracting oil from the well to the surface characterized in that initially a vertical well is drilled, a 
producing formation is tapped by perforation, the oil is extracted from the producing formation 
until it is depleted, then a horizontal wellbore is sidetracked, with a kick-off point of the 
horizontal wellbore being located lower than a dynamic fluid level, the same producing 
formation is perforated in an auxiliary wellbore, then a double-displacement pump is lowered 
into the vertical wellbore so that the oil pump suction is positioned above the kick-off point of 
the auxiliary wellbore and water pump suction - below this point, the pump is provided with a 
liner-packer combination positioned in the interval from the kick-off point to the top of the 
producing formation in a vertical wellbore and the well is operated in such a way that the oil- 
associated water pumped from the auxiliary horizontal wellbore is injected into the same 
formation through the vertical wellbore without upwelling. 

DRAWINGS 



Figure 1 



21VX£54 



rage 1 or 3 



d9) RU (11)2179234(13)C1 

(51)7E21B43/00 



v " 

<DEflEPAflbHAfl CJiy>KBA 
no MHTEJUlEKTyAJlbHOfi 
COBCTBEHHOCTM, 
nATEHTAM M TOBAPHbIM 3HAKAM 
(POCFIATEHT) 

( i2)0nHCAHME 
M30BPETEHMyi 

k naTeHTy Poccmwckoh OeAepamw 

CTaTyc: no AaHHbiM Ha 15-01.2007 - flewcTByeT 




(14) flaTa ny6nuKauvm: 2002.02.10 

(21) PerMCTpaMHOHHbM HOMep 3aflBKn: 2000112579/03 

(22) flaTa noflann aaaBKu: 2000.05.19 

(24) flaia Hanana OTCMeTa cpoKa flewcTBMn naTeHTa: 

2000.05.19 
(45) Ony6nwKOBaHo: 2002.02.10 

(56) AHa/iorn W3o6peTeHM«: RU 2034132 C1, 30.04.1995. 
RU 2024736 C1, 15.12.1994, RU 2046930 C1, 
27.10.1995. RU 2078909 C1, 10.05.1997. RU 
2082874 C1, 27.06.1997. RU 2102583 C1, 
20.01.1998, US 5311936 A, 17.05.1994. 



(71) Hma zammena: OropbiToe 
aKMHOHepHoe o6mecTBO "TaTHecJrrb" 
TaTapcKHM Hay mho- 
MCcneAOBaTexibCKMH m npoeKTHbin 
wHCTwiyT He<Jrrn "TaTHHnilHe<|nrb M 

(72) Hm* W3o6peTaTena: BanoBCKMM B.M.; 
Ca/iHMOB BT.; Ca/iHMOBa C.B. 

(73) Hma naTeHTOo6naAaTen«: OTKpbiToe 
aKMMOHepHoe o6mecTBo "TaTHecfrrb" 
TaTapcKnif Hay hho- 
Mcc/ieflOBaTejibCKMH m npoeKTHbm 
MHCTHTyt HecjiTM "TaTHI4ni4He<J)Tb M 



(54) CHOCOB PA3PABOTKM OBBOflHEHHOM HEOTflHOM 3AJ1DKH 



M3o6peTeHne othocmtch k Hec£>THHofi npoMbiLU/ieHHOCTM, b MacrHocrvi k cnoco6aM pa3pa60TKH He<pr*Hoft 
2aneww nnacroBoro Tuna, n wioweT SbiTb ncnoJib30B3HO fl/ifl noAAep>KaHMfl nnacTOBoro AaB/ieHi/m nyTewi 
3aK3HKM nonyTHow boaw npn CHMweHHH aHepremnecKMx 3aTpaT. 06ecneHMBaeT coKpameHHe MaTepna/ibHbix 
3aTpaT Ha AoSbiny He$jv\ 3a cHeTcoBMemeHHH 0yHKuwfi floSbiBaiomeii w HarHeTaTe/ibHOfi ckbspkhh h 
B03BpaTa nacTn nonyTHo AoBbiBaeMOfi aoAbi o6paTHO b npoAyicmBHbift n/iacr aji* noAAepxaHwa nnacroBoro 
AaB/ieHMfl (finfl) 5e3 noAi>eMa ee Ha noBepxHOcm CymHocTb H3o6peTeHna: no cnoco6y ocymecTB/iflKrr 
SypeHne BepTHKanbHbix craawHH h 6oKOBbix ropw30HTanbHbix ctbojiob ot hhx. B BepTMKanbHbiM ctboji 
cnycKaioT my6fiHHbifi Hacoc. OT6npaK>T Hecfrrb H3 CKBa>KMHbi Ha nosepxHOCTb. ripn 3tom cnanana Sypyrr 
BepTwranbHyK) CKBawwHy, BcicpbiBaioT neptjJopaqweM npoAytcrwBHbifi nnacr. Hecjrrb W3 nnacra H3BneKa»oT ao 
HCTomeHHfl npoAyin"MBHoro nnacrra. Tonbico 3aTewi 6yp*rr 6okoboii ropw30HTanbHbift ctbo/i. flpn stom tomky 
oTxoAa ropn30HTajibHoro CTBona pacno/iarawT Hwwe a h h a m wh ecKoro ypoBHR whakoctm b cKBawHHe. B 
6okobom cTBo/ie nepcf)opnpyioTTOT>Ke npoAyKrviBHbifi nnacT. 3aTeivt b sepTHKanbHOM crBone 
ycTaHasnnBajoT Hacoc abomhoto asmctbhh. npiieM Hacoca una Hec()TM pacnonaraiOT Bbiiue tomkm OTXOAa 
SoKOBoro cTBo/ia. ripweM Hacoca a^a boaw pacnonaraiOT Hwxe tomkm OTXOAa 6oKOBoro CTBona. Hacoc 
cHa6>KeH xboctobmkom c naKepoM. Ero ycraHaBnnBaK>T b nHTepBane ot tohkm OTXOAa ao kpobjim 
npoAyKTHBHoro njiacra 8 BepTMKanbHOM crBone. CxBawnHy 3Kcnnya™pyK>T Taic, hto BOAy, nocTynMBUjyto 
BwiecTe c He0Tbw H3 SoKOBoro ropn30HTanbHoro CTBona, 3aKaHMBai0T b tot we nnacr Mepe3 BepTMKanbHbift 
CTBon 6e3 ee noA"bewia Ha noBepxHocrb. 1 wi. 



OnMCAHME H306PETEHMH 



npe^noKeHMe othochtca k He<pT*Hon npoMbiumeHHOCTvi, b MacTHOCTM k cnoco6aM pa3pa6oTKw He$rr*hoP\ 
3ane>KM n/iacroBoro Tuna, m MoweT Sbrrb ncnonb30BaHO a^« noAAep>KaHM« n/iacroBoro AaBJieHHH nyTeM 
3aK3MKii nonyTHOii boabi npw chidkchmh SHepreTHwecKMX 3aTpaT. 
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MaBecTeH cnoco6 pa3pa6oTW MHoronnacTOBoro HecfyrnHoro (ra30Boro) MecrropoweHun [cm. naT. RU N 
2038464, kh. E 21 B 43/10, 43/12, BIA N 18, 1995 r. ] , BKnK>M3K>mnfi C03A3Hwe b nopofle BOKpyr 
Ao6biBaK)U4wx CKBa>KMH Bbiiue npoflyKTMBHbix nnacTOB wnn b BepxHefi npwKpoBenbHofi Mac™ Bbiwenewamero 
npoAyKTMBHoro nnacra pe3epByapoB-KaBepH, o6opyAOB3Hwe ckb3>kmh KonoHH3Mw nu^TOBbix Tpy6, noAaMy 
Ao6biBaeMow npoAyKquw b cpeAHK>io nacTb KaBepH, OTAeneHwe boaw ot ymeBOAopoAOB m otQop 
yrneBOAopoAOB M3 BepxHefi Macrvi KaBepH, npw stom KaBepHbi coopy>KaK>T b CKBaawHax AByx m Donee 
pa3pa6aTbiBaewbix nnacroe. HpmeM no xpafiHetf Mepe b oahoA U3 CKBa>KMH oTAeneHHyio b KasepHe BOAy "3 
npoAyKMMM Bbiujene)Kai^ero npOAyKTMBHoro nnacra HanpaBnntoT b HMwenewauina npoAyKTUBHwB nnacrr n 
OAHOBpeMeHHO c stum no KpsfiHew Mepe b OAHOfl M3 ckb3>kmh OTAeneHHyio b KaBepHe BOAy M3 npoAyKUUM 
Huwenexomero npoAyinrviBHoro nnacra H3np3BnnK)T b BWUieneacamwii npoAyKTMBHWfi nnacr 6e3 noA^eMa 
Ha noBepxHOCTb. 

HeAocraTKOM cnoco6a nBnneica to mto, BO-nepBbix, cnoco6 npeAnonaraeT Heo6xoflHMOcrb AByx nnacTOB, 
nnacroBbie boaw kotopwx xnMiwecKM coBMecrwMbi, t, e. He BWAenniOT TBepAwx ocaAKOB npw wx cMeujeHiw. 
Bo-btopwx, 3TOT cnoco6 no CBoeMy CMbicny npeAnonaraeT B03M0>KH0CTb ocymecrBneHiia cJ>oht3hhoh 
3KcnnyaTaL4MM. B-TpeTbwx, npw #OHTaHHOW SKcnnyaTaquvi TpyAHO noAo6paTb nnacTbi, b KOTopwx 
cymecTBOBan 6u HeoSxoAHMbifi Ann peanM3aynM MeTOAa SanaHC nnacroBbix AaBneHuw. 

H3BecreH TaioKe cnoco6 pa3pa6oTKw HedpmHora Mecropo>KAeHwa MaccHBHoro mna [cm. naT. RU N 2095551, 
Kn E 21 B 43/20, 5W N 31, 1997 r. ] . Cnoco6 npeAycMaTpwBseT coBMemeHMe b oaho'R CKBawi/iHe 
BepTMKanbHoro w ropw30HTanbHoro crBonoB, BCKpwBaK>mnx oamh m tot we npoAyKTMBHWfl nnacr , 
OKcnnyaTaunn TaKOM cKBa>KMHW ocymecTBnneTca MexaHM3npoBaHHWM cnocoBoM njrreM qwKnMMecKOw CMeHbi 
3aK3HKH m OT6opa b pa3Hwe CTBonw cKBawMHW. flna aToro Kawbift pa3 CKBa>KHHy nepeo6opyAyK)T A™ 
3aKaHKn mv\ OTSopa b napannenbHbie ctbojiw, mto BneneT 3a co6o« AononHtrrenbHbie MaTepnanbHbie 
3aTpara. 

flpyrMM HeAocraTKOM nameim to, mto nonyTHaa BOAa b uwi<ne OT6opa noAHUMaeTcn na noBepxHocrb, 
MT06bi 3aTeM b MMKne 3aKaMM 6biTb 3aKaMaHHOfi CHOBa b Ty we CKBawwHy h b tot we nnacr. 3to npuBOA^T k 
3H3MMTenbHbiM HenpoM3BOAtrrenbHWM 3aTpaTaM Ha noAteM nonyTHofl boaw. 

HsuQonee 6nn3WM no TexHi/mecKofi cymHOcm h AocroraeMOMy pe3ynbTaTy k npeAnaraeMOMy HBnneTcn 
cnoco6 ao6wmh HecJ)™ m ropw30HTanbHbix ckbbwvih [cm. naT. RU N 2034132, «n. E 21 B 43/30, 5H N 12, 
1997 r, ] , BKnioMaK>mnH SypeHne ropn30HTanbHO(i CKBa>KMHbi m BepTMKanbHoro crBona ot nee, 
pacnonoiceHHoro Hn>Ke tomkm Hanana oTKnoHennH ocHOBHoro creona ropM30HTanbHoft CKBa^MHW, cnycK b 
aepTMKanbHbiPi crBon rnySnHHoro Hacoca w OT6op He0TM M3 cKBaKMHW Ha noBepxHocrb. 

HeAocraTKOM M3BecTHoro cnoco6a senneTC* to, mto HMetoLunficn b Hannnwn BepTMKanbHbifi cTBon 
BbinonH^eT TonbKO TexHonorvmecKne c^yHKUMH, a hmchho ncnonb3yeTcn Ann pa3Meu4eHnn rny6nHHoro 
Hacoca m He MMeeT HenocpeACTBeHHOM rviApaBnunecKOM cb«3m c npoAyKTWBHWM nnacrow. KpoMe Toro, 
HM3K3W 3(}Dc|)eicrnBHOCTb npw sKcnnyaTaqMH o6BOAHeHHWX sanejKeCi, t. k. Hacoc noAHUMaeT Ha noBepxHOCTb 
nonyTHyw BOAy» mto Tpe6yeT 6onbUJMX SHepreTWHecKnx 3aTpaT, a TaioKe MaTepnanbHbix 3aTpaT aa cseT 
Mcnonb30BaHMn AononHHTenbHoro o5opyAOBaHWfl - Tpy6w Ann oxna>KAaK)meM whakoctm. 

PeuuaeMan TexnuMecKa^ 3aAaMa coctout b tom, kto6w c03AaTb TaKOM cnocp6 paspaSoTK^ He0THHo« 
3anejKw, KOTopwft no3Bonwi 6w coBMecniTb cjDyHKqiiM Ao6wBaK)ti4e« n HameTaTenbHoR CKBa)KMHbi npn 
MMHMManbHbix sHepreTtwecKMX m MaTepwanbHWX 3aTpaTax. 

UenbK) npeAnaraeMOro n3o6peTeHnn «BnneTcn coKpaiAenne MaTepnanbHbix 3aTpaT Ha AoQwMy Heftm 3a 
cseT coBMemeHM^ 4>yHKqnCi Ao6biBaK)U4ew m HameTaTenbHOM ckb3>khh m B03Bp3T3 nacru nonyTHo 
Ao6biBaeMOM boaw o6paTHO b npoAyKTHBHWfi nnscr noAAep>KaHMH nnacroBoro AaBneHH* (nnfl) 6e3 
noA"beMa ee Ha noBepxHocrb. 

nocraBneHHafl qenb AOcrnraeTcn onwcwBaeMWM cnocoQoM p33p360TKM o6BOAneHHofi He^THHOw saneww, 
BicnK)Maiou4iiM 6ypeHwe BepTMKanbHoii cKBaKMHW m 6oKOBoro ropM30HTanbHoro crBons ot Hee, cnycK b 
BepTMKanbHbiti crBon rny6nHHoro Hacoca m ot6op HecjDTM M3 ckbskhhw hs noeepxHocrb. 

Hobwm nBnneTcn to, ^to cHSMana 6ypjrr BepTHKanbHyio CKBa>KMHy, BCKpweaiOT nep4)opaqiie« npoAyJcrviBHWM 
nnacr, w3BneKa»OT He4)Tb ao McromeHMw npoAyKTWBHoro nnacTa, 3aTeM 6ypyrr 6okobo« ropM30HTanbHbifi 
crBon, npw 3TOM TOMKy OTXOAa ropM30HTanbHoro creona pacnonarawr Hii?Ke A^HaMwnecKoro ypoBHH 
kviakoctm b cKBa^MHe, nepcfcopwpyiOT b 6okobom creone tot we npoAyicrviBHbift nnacr, 3aTeM b 
BepTHKanbHOM crBone ycraHaBnnB3K)T hscoc abo^hoto Ae^crenn TaK, mto npweM Hscoca Ana He4>™ 
pacnonaraeTCfl Bbiiue tomkm OTXOAa 6oKoeoro crBons, a npweM Hscoca Ann boaw - HMwe stom tohkm, nacoc 
CHa5)KeH xboctobukom c naKeDOM. KOTODbifi YcraHaBnuBawT b MHTeoBane ot tomkm oTxoaa ao kdob™ 
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npoAy»cTMBHoro ruiacra b BepTweartbHOM CTBO/ie w 3KcnnyaTvipyiOT CKBawwHy TaK, mto BOAy, nocTynwBUjyK) 
Biwecre c He^Tbio 1/13 6oKOBoro ropw30HTajibHoro crrBOJia, 3aKamiBaK>T b tot *e rmacT nepe3 BeprwanbHbifl 
ctbo/1 a** nnfl 6e3 noA'bewia ee Ha noBepxHocrb. 

H3 AOcrrynHbix hctomhhkob naTeHTHoft w HayMHO-TexHunecKOM nirrepaTypbi hbm He H3BecrHa 3aaB/ieHHaa 
coBOKynHOCTb ornMMMTe/ibHbix npui3HaKOB. CneAOBaTenbHO, npeAnaraeMbifl cnoco6 OTBenaer KpMTepnK) 
''cymecTBeHHbie ammm". 

Ha nepTewe npeAcraBneHa cxewia pa3Meu4eHMfl rny5ttHHo-HacocHoro o6opyAOBaHMH b BepmKa/ibHoi* 

CKB3)KHHe C SOKOBbIM ropW30HTaTlbHblM CTBOJIOM OT Hee. 

Cnoco6 ocyii4ecTBJifleTca b c/ieAyramefi noc/ieAOBaTejibHOc™. 

Ha 3ane)Kvi 6yp*T BepTWKanbHyio Ao6biBatomyio CKBawHHy 1. BcKpbisaKrr nepcfropam/ieii 2 npoAyicrnBHbifi 
nnacT 3. YcTaHaB/inBawT my6nHHO-HacocHoe o6opyAOBanwe (Hacoc OAwnapHoro Ae8cTBna) h 
3 Ken ji y aTM py \ot cKBa>KMHy ao ucTomeHvm npoAyKTMBHOro n/iacra. 3aTeM M3BneK3K)T my6nHHO-HacocHoe 
o6opyAOBaHne M3 cKsawwHbi w 3ape3ai0T b stow cKBaawHe Sokobow ropw30HTa/ibHbm ctboji 4 b 
HanpaBneHUM HeBbipa6oTaHHOfi 30Hbi n/iacra. Tonicy OTXOAa ropn30HTanbHoro creojia 5 pacnonaraioT Hvwe 
AMHawinMecKoro ypoBHfl wwakoctw 6 b create, f\n* Toro htoSw >Ki/)AKOCTb M3 SoKOBoro ropw30HTa/ibHoro 
cTBona Morna nepeTeKaTb b BepTHKanbHbiui ctboji. 3aTeM BCKpbiBawT b 6okobom ropw30HTanbHOM crao/ie 
nepcfcopaijMeft 7 tot we npoAyKTWBHbift nnacr 2, 

B BepTMKanbHOM cTBone ycTaHaBnusaJOT Hacoc ABOflHoro AefiCTBMfl 8 TaKMM o6pa30M, mto5w npweM Hacoca 
Arm He<J>™ 9 pacno/iarajicn Bbiuie tomkh OTXOAa 6oKOBoro crBOJia 5, a npweM Hacoca ah* boaw 10 - Hwwe 
3tom tomkh Hacoc o6opyAyK)T xboctobhkom 11, no KOTopoMy 6yAeT nepeKaHueaTbca nonyTHa* BOAa b 3ony 
33K3MKH. Ha xBocroBUKe ycrraHaBJiMBaioT naKep 12. Ctboh BepTWKanbHOfl CKBawwHbi ot AHHaMiwecKoro 
ypoBHq 6 ao naKepa 12 o6pa3yeT rpaBwauwoHHbitf cenapaTop, b kotopom npoacxoAHT pa3Ae/ieHne boaw m 

HecJ>TM B COOTBeTCTBMW C MX yAe/lbHblMH BeC3MM. llpM 3TOM BOAOHe$TflHOH pa3Aefl B CKBa>KHHe 

ycTaHaBJiHBaeTCfl Ha ypoBHe tohkw OTXOAa SoKOBoro crBona, nocKO/ibKy Hecjrrb, nocrynnBUiafl m 6oKOBoro 
ctboji a b CKBarcwHy, BcnnbiBaeT b boahoA cpeAe, m HnweTOSKn OTXOAa 0Ka3biBaeTca To/ibKO BOAa. 

Hacoc ABOiiHoro neftcram 8, 6/iaroAapfl Bbi6paHHOMy ero pacno/ioweHHK) OTHOCHTe/ibHO tomkh OTXOAa 
6oKOBoro cTBona 5, 3a6npaeT BOAy H3 HiAwneti nacTM rpaBMTaunoHHoro cenapaTopa nepes npnew 10 m 
3aKaHMBaeT ee Mepe3 xboctobmk 1 1 b BbipaSoTaHHyro nacrb npoAyKTMBHoro n/iacrra 2, KowineHC^py« 
H3CTHHHO cHM>KeHMe nfiacTOBoro AaBiieHUjR, npowcxoA^uiee BcneACTBMe OT6opa xiiAKoc™ us Toro we 
nnacra Mepe3 6okobo« ropM30HTaBbHbi(i ctboji 4. OAHOBpeMeHHO c stum Hacoc ABO^Horo Ae^CTBMa 
3a6npaeT cwiecb He<|DTM w boaw m sepxHeft Macrrw rpaBMTaqnoHHoro cenapaTopa Mepe3 npneM 9 w 
noAHHwiaeT ee Ha noBepxHocTb. 

Ctboh BepTMKanbHCM cKBaw^iHbi 1 HM>Ke tohkh OTXOAa 5 pa6oTaeT KaK HameTaTeJibHaa cKBa>KHHa, a Bbiuie 
tohkh OTXOAa 5 - KaK Ao6biBa*omaa CKBawwHa. Rpw 3tom KonvmecrBO noAHMMaeMoCi nonyrnofi boaw 
CHM>KaeTC« 3a cneT B03BpaTa ee b npoAyKrviBHbi^ nnacr 3 Mepe3 xboctobhk 1 1 m nep4>opaunK) 2. 

3KcnnyaTai4n« ckb3>kmh no npeAnaraeMOMy cnoco6y no3Bon«eT: 

1. COBMeCTMTb B OAHOM CKBa>KMHe *yHKUHH A06biBaK)U4eCl M HameTaTeJIbHOM CKBa>KMHbK 

2. 3a cMeT B03BpaTa nonyTHOft boaw He AonycKaTb cHM>KeHMfl nnacTOBoro AaBneH^q n Ao6nTbc* skohomum 
BOAbi a^h cuoreMbi nnfl. 

3. CoKpaTMTb 3aTpaTbi 3^eiapo3HeprnM Ha noA^eM, noAroTOBKy M 3aKaMKy nonyTHoft boaw. 

4. CHM3MTb o6BOAHeHHOCTb Ao5biBaeMOfi npOAyKUMM w TeM caMbiM 3aTpaTw Ha ee nepeKamcy m 
o6e3BO>KWBaHMe. 

5. no cpaBHeHuro co cnoco5ow c6poca nonyTHOM boaw b Apyrofc n/iacr yMeHbUJMTb noTepn Hetprn u 
ynymum-b cocronHne oxpanw HeAp. 

(IpwMep KOHKpeTHoro Bbino^HeHna. 

BepTHKa/ibHaa cKBa>KMHa, 3KcnnyaTnpoBaBUjafl AeBOHCKMii n/iacr Ha my6MHe 1700 m, Aocrnma 
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o6BOAHeHHocrvi 75%. B cKBa>MHe pa6oTa/i OAHHapHbifi Hacoc c flwaMeTpowi nxiyHwepa 44,5 mm. 
fluHaMMMecKMft ypoBeHb Haxofln/ica npw 3tom Ha rny5MHe 700 m. Bwno npMHBTO peLueHMe nepeBecTM ee Ha 
aKcn/iyaTaqnK) no npeAJiaraeMOMy cnoco6y. 

nocne M3BneHeHMfl sKcnjiyarauMOHHoro o5opyAOBaHM« m CKBawHHbi 3ape3a/in 6okobom ropn3omranbHbiM 
croon 4, ycxaHOBUB TOHKy oTxofla 5 Ha r/iy6nHe 1000 m, h BCKpbiJiM nep4>opauweii 7 tot >kg n po Ay ktm bh w m 
n/iacr 3. 3aMeHwiH Hacoc oAMHapHoro AeflcTBua HacocoM ABoRHoro a^^ctbmh. ripn 3tom peuinnn 

COXpaHMTb npOM3BOAHTenbHOCTb CKBa>KMHbl no >KMAKOCTM Ha TOM >Ke ypOBHe V\ npw TOM >Ke pe?KHMe 0TK3MKM. 

/Via 3Toro ao^ho Bbinonnm-bCfl npn6jw>KeHHoe cooTHOLueHMe 
D nn 2 *D H *-D B2 (1) 



rAe D n/1 - AwaMeTp nnyHwepa Hacoca OAWHapnoro AeftcreMH, mm; 
D H - fxmMerp nnyH>Kepa nacoca ABoflHoro ABflcrBna nnn Hecfr™, mm; 

D fl - TO )Ke AHA BOAbl, MM. 

Mto6w HecjDTb He 3axsaTbiBanacb njiyH>KepoM Hacoca aha boaw m He 3aKaHHBanacb o6paTHO b miacr, 
AOJi>kho Bbino/iHHTbca ycjioBue: 

2 

D 

H i-B 

> CZ) 

2 B 

D 

B 

rAe B - o6BOAHeHHOCTb npoAyKquw cKBa>KviHbi l %. 

nyTCM noA6opa W3 cTaHAapTHbix pa3MepoB nnyHwepoB HaxoAWM D H = 27 mm, B b = 38 mm. 06a yc/iOBMH 

yAoeneTBopeHbt. Bbi5paHHbifi nacoc ABOfiHoro AewcrBUfl o6ecneHMBaeT HecxoribKO 6onbiuyK> 
npon3BOAvrrenbHOCTb (na 9,7%) npw tom we pewiiMe OTKaMKM. He#Tb npn t3kom cooTHoweHMM A^aMeTpOB 
nnyhwcepoB SyAeT noAHMMaTbcs Ha noBepxHOCTb MacTUHHo c boaoR. 

3aTeM oueHUBaeM oSBOAneHHocrb npoAyKMHM npw TaKOM cnoco6e SKcnJiyaTaqiw. KojiiwecrBO 
noAHMMaeMOM >kmakoctm Ha noBepxnocTb nponopqwoHa/ibHO Benmme D H 2 . TorAa KonwsecTBo Hecjrrw, 
KOTopaa coAep>KHTC« b npoAyKUMn CKBawwHbi npn AaHHofi o6boah6hhoctw m n po h 3boa MTe/i b hoctm Hacoca 
ABoiiHoro A^MCTBMfl, nponopquoHanbHO 

P„ 2 + D B 2 )d-B) (3) 

oncyAa pe3ynbTnpyK)iAaH o6BOAHeHHOCTb npoAyKUMM cocraBHna 
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B = i- |l+ | — | |CJL-B> <4) 
pec 



noAcranoBKa 3HaneHHM b 0opMy/iy (4) AaeT Be/iwHWHy B pe3 = 25,5%. 

TaKMM o6pa30M, aKcnxiyaTaqvm AaHHOfl CKBaKMHbi no npeAnaraeMOMy cnoco6y CHHwaer o6BOAHeHHOCTb 
npoAyKunn 75% ao 25,5%, npw stom nonyTHaa sofxa B03Bpaii4aeTCfl o6paTHo b cbom nnacr. 

TexHMKO-3KOHOMMHecKa« 3c}}ct)eicTMBH0CTb npeAJiaraeMoro cnoco6a pa3pa6oTKM o6boah6hhom HecJrrHHOM 
3ane>KM ciuiaAbiBaeTCH 3a cneT coBMemeHna cjtyHKUWfi Ao6biBaK>meft m HameTaTe/ibHOM ckb3>kmh b oahom 
cKB3>KMHe, B03BpaTa Macro nonyTHO Ao6biBaeMofi boaw o6paTHo b npoAy*™BHbifi n/iacr m cHwaceHM* 
MaTepwa/ibHbix 3aTpaT Ha Ao6bmy Hecjrrw. 

OOPMYJ1A M30BPETEHMH 



CnocoS pa3pa6oTKM oSBOAHeHHOM He(})TnHoK 3ane>KM, BKmosaioiUMM 6ypeHne BepTMKanbHbix ckb3)kmh m 
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SoKOBbix ropw30HTanbHbix CTBOXiOB ot hwx, cnycic b BepiwKajibHbifl ctboji r/Ty6MHHoro Hacoca w OT6op nedpjw 
m cKBa>KMHbi Ha noBepxHOCTb, ornMMaJomnficfl TeM, mto cHawa^a 6ypnT BepTHKanbHyw cKBaawHy, 
BCKpbisafOT nepcjDopaque^ npoayicTMBHbifi nnacr, w3BJieKaK>T He<frrb ao wcroineHMfl n po Ay ktm bhofo nnacra, 
3aTeM 6ypflT 6okobow ropw30HTanbHbifi ctboji, npw stom TOHKy OTXOAa ropw30HTanbHoro cTBO/ia 
pacnonaraJOT HM>Ke AMHaMMMecKoro ypoBHH wiakoctw b CKBaxune, nepc^opupyroT b 6okobom cxBo/ie tot >Ke 
npoflyKTHBHbiti rmacT, 3aTeM b BepTwcajibHOM crBone ycraHaBfiMBawT nacoc ABOfiHoro newcrBm TaK, mto 
npnewi Hacoca a^* Hecfrm pacno/iaraioT Bbitue tomkh OTXOAa 6oKOBoro crBo/ia, a npweivi Hacoca Ann boaw - 
Hwwe 3Totf tomkh, Hacoc cHaSweH xboctobhkom c naKepoM, KOTopbiM ycTaHaB/iHBaK>T b MHTepBane ot tomkh 
OTXOAa ao KpoB/in npoAyKTMBHoro nnacTa b BepTMKanbHOM CTBone, n SKcnnyaTwpyioT cKBa>KMHy TaK, mto 
BOAy, nocTynMBiiiyKD BiwecTe c HecJrrbK) M3 6oKOBoro ropn30HTa/ibHoro CTBO/ia, 3aKaMMBaK)T b tot we nnacr 
nepe3 BepTMKanbHbifi ctboji 6e3 noA^ewa ee na noBepxHOCTb. 

PHCYHKW 

PucyHOK 1 
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